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Abstract 
Consumer acceptance of tomato products is highly correlated to their organoleptic characteristics and quality 
parameters such as color and texture. Textural properties of tomato juice can be attributed to the activity of 
pectinolytic enzymes such as pectinmethylesterase and polygalacturonase. High pressure processing has been 
proposed as an alternative physical method for intrinsic tomato enzymes inactivation. The objective of this work was 
to evaluate the quality characteristics of slightly concentrated tomato juice produced under high pressure conditions. 
Whole tomatoes (var. Red Sea) were pressure-treated at 250, 400, 500 or 600 MPa and 50°C for 10 min. The 
processed tomatoes were then crushed, the peels and seeds were removed, and the resulted tomato juice was 
concentrated to 8.5°Brix. The viscosity, consistency and color of the concentrated juice were measured and compared 
to the corresponding properties of tomato juice, at the same concentration, produced under the traditional methods of 
both cold and hot break. High pressure processing did not affect the color of tomato juice at all pressure levels tested, 
while during hot break color deterioration was always observed. Pressure treatment at 400, 500 and 600 MPa led to 
products of higher viscosity. Increase in applied pressure resulted in an increase in product viscosity and improved 
consistency. High pressure processing can be used to produce minimally heat processed products with nutritional and 
sensorial characteristics comparable to that of fresh fruit. It provides a successful alternative to traditional thermal 
processing leading to products with desirable, or even predesigned, characteristics. 
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1. Introduction 
Tomato is a widely consumed product in both fresh market and processed form. Consumer's 
acceptance of tomato products is highly correlated to their quality characteristics, such as color, flavor and 
texture. Textural properties of tomato products are correlated to structural changes of pectins during 
processing, which can be attributed to the activity of pectinolytic enzymes such as Pectinmethylesterase 
(PME, E.C. 3.1.1.11) and Polygalacturonase (PG, E.C. 3.2.1.15) [1]. PME is a de-esterifying enzyme, 
catalyzing the removal of methyl ester groups from galacturonic acid residues of pectin, while PG is 
responsible for pectin depolymerization, hydrolyzing the D-1,4-glycosidic bonds of polygalacturonic acid 
chains. The synergistic action of these two enzymes results in decrease of viscosity of tomato products. In 
order to produce products of higher viscosity, the activity of pectinolytic enzymes must be controlled 
during processing [2]. 
In industrial processes two different breaking techniques are utilized, namely Cold Break (CB) and Hot 
Break (HB). In the cold break process, tomatoes are crushed and preheated at temperatures less than 65°C, 
where the enzymes PME and PG maintain their pectinolytic activity and consequently are able to degrade 
pectin. Thus, cold break processing causes quality defects, such as a decreased viscosity and syneresis, 
while color and flavor of fresh tomato are maintained. In order to overcome problems of low viscosity and 
syneresis, hot break process can be applied. In hot break process, chopped tomatoes are immediately 
preheated at a temperature range between 80 and 100°C. In this case, the pectinolytic enzymes are 
inactivated, resulting in tomato products of higher viscosity and lower syneresis. However, this procedure, 
followed by pasteurization or sterilization, causes quality losses in terms of color, flavor and nutritional 
value [3]. 
Therefore, new technologies have been developed, as alternative to heat treatment. High Pressure 
Processing (HPP) has been proposed as an alternative non-thermal technology that can produce foods free 
from microorganisms and enzymes, while minimally affecting quality and sensorial characteristics [4]. In 
case of tomato products, HPP may be used to selectively inactivate PG and maintain PME activity, while 
improving product characteristics. HPP processing is a promising technology for the tomato industry, due 
to the high nutritional and commercial value of tomato-based products and the possibility for production 
of novel products with desirable characteristics. The objective of this work was to investigate the effect of 
thermal and high pressure processing on quality characteristics of slightly concentrated tomato juice. 
2. Materials and Methods 
For experimental testing, an industrial tomato variety (Red Sea) was used. Whole tomatoes were 
pressure-treated at 250, 400, 500 or 600 MPa and 50°C for 10 min. Additionally, slightly concentrated 
tomato juice was prepared through the traditional methods of both cold (60°C for 2 min) and hot break 
(95°C for 2 min). High pressure treatments were achieved using a laboratory scale HPP equipment with a 
maximum operating pressure of 1000 MPa (Food Pressure Unit FPU 1.01, Resato International BV, 
Roden, Holland) consisting of a pressure intensifier and a high pressure vessel of 1.5 L. For tomato 
breaking a household homogenizer was used, skin and seeds were removed through a 1 mm sieve, while 
concentration was achieved under vacuum at 60 ºC using a rotary evaporator (Laborota 4000 Heidolph, 
Germany). The viscosity, consistency and color of the concentrated juice was measured and compared to 
the corresponding properties of tomato juice at the same concentration produced under cold and hot 
break. The remaining activity of the pectinolytic enzymes, PME and PG, was also measured after each 
treatment. PME activity measurement was based on the titration of the carboxylic groups generated by 
PME during hydrolysis of pectin [5]. PG activity was measured spectrophotometrically based on the 
formation of reducing groups from polygalacturonic acid at pH 4.4 and 35ºC [6]. Color was measured 
using a Hunterlab Colorflex colorimeter, viscosity using a rotary viscometer (RHEOTEST RC1, 
Medingen GmbH, Radeburg, Germany) and consistency using the Bostwick consistometer. 
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3. Results and Discussion 
PME and PG activity were measured after each treatment. The percentage of the remaining activity of 
both enzymes is shown on Table 1. PG activity was decreased by about 35 % during cold break and after 
treatment at 250 MPa, while during hot break and at pressures of 400, 500 and 600 MPa the enzyme 
inactivation reached about 99%. On the other hand, an increase in PME activity after HPP was observed 
compared to the untreated juice. Hernandez and Cano [7] have also observed similar results of PME 
activation at a pressure range of 335-500 MPa and temperatures up to 60°C, while Krebbers et al. [8] 
mentioned that PME activity was increased 5.5 to 6.5 times at pressures 300-700 MPa and temperature of 
20°C. According to Fachin et al., [9] enzyme activation is caused by structural changes of the enzyme 
molecule during high pressure treatment. 
 
Table 1. Remaining PME and PG activity after treatment, expressed as percentage (%) of the enzyme activity in untreated juice 
Sample Processing Conditions PG (%) PME (%) 
CB 60°C for 2 min 65 73 
HB 95°C for 2 min < 2 < 3 
HP1 250 MPa at 50°C for 10 min 63 139 
HP2 400 MPa at 50°C for 10 min < 1 137 
HP3 500 MPa at 50°C for 10 min < 1 160 
HP4 600 MPa at 50°C for 10 min < 1 162 
 
Figure 1 illustrates the effect of processing conditions on color (a/b ratio). Fresh tomato color was 
estimated equal to 2.40, while during hot break a color deterioration was observed (a/b equal to 2.25). On 
the contrary, high pressure and cold break treatments did not affect juice color. 
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Fig. 1. Effect of processing conditions on color (a/b ratio) of tomato juice 
 
The viscosity was studied using the rotary viscometer at increasing shear rate 0.1-10 s-1. As shown on 
Figure 2, increasing shear rate resulted in decreasing viscosity of all samples tested, describing a 
pseudoplastic behavior. Furthermore, an increase in applied pressure resulted in products of increased 
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viscosity. Samples treated at pressures between 400 and 600 MPa exhibited the highest viscosity 
compared to the thermally treated ones. Additionally, for evaluating the quality of pressure treated 
samples, Bostwick consistency was also measured. Bostwick consistency is a very quick empirical 
measurement used in tomato industry, to assess quality of tomato products. Low Bostwick values indicate 
products of increased consistency, while high Bostwick values characterize low consistency products. For 
CB products Bostwick values usually range from 8 to 12 cm, while HB products have Bostwick values 
less than 6 cm. Figure 3 illustrates the effect of processing conditions on consistency of tomato products. 
Samples treated at 500 and 600 MPa had the lowest Bostwick values within the studied samples, 
indicating products of higher consistency. This can be attributed to the selective inactivation of 
pectinolytic enzymes during high pressure treatments. Selective inactivation of PG can reduce pectin 
depolymerization, keeping the insoluble components of the juice in suspension and increasing its 
consistency [10]. 
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Fig. 2. Effect of processing conditions on apparent viscosity of tomato juice after treatment: (ƽ) CB, (ƶ) HB, (Ʒ) HP1, (¸) HP2, (
ͩ) HP3, (ƻ) HP4 
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Fig. 3. Effect of processing conditions on Bostwick consistency of tomato juice  
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4. Conclusion 
High pressure processing can be used for the selective inactivation of PME and PG leading to products 
with improved quality characteristics such as viscosity, color and consistency. According to the overall 
results of this work, high pressure processing could be used in order to replace the traditional industrial 
tomato processing methods leading to products with superior quality characteristics.  
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